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The procedures described in this manual and the 
resulting end products are extremely dangerous. 
Whenever dealing with high explosives, special 
precautions must be followed in accordance with 
industry standards for experimentation and production 
of high explosives. Failure to strictly follow such 
bry standards may result in harm to life and limb. 

» the author, publisher, and distributors of 
n any liability from any damages or 

type that a reader or user of infor 

ed within this book may encounter from 
Я information. Use the material 
$ manual and any end product or by- 
risk. 

or information purposes only. 


Chapter One j 
INTRODUCT 
TO EXPLOSI\ 


>» J ome of the most feared, misused, and 

least understood substances on the 

face of the earth are energetic materi- 

<@ als. In the broadest sense, energetic 

materials can cover everything 

from combustibles to high explo- 

sives. One way of defining this wide 

range of materials is to consider 

— them as stuff (compounds or mix- 

tures of compounds) that undergoes a change or, more 

accurately, a decomposition which results in the genera- 

tion of energy. The rate of change can be the slow burn- 

ing of combustibles or the rapid chemical decomposition 
of a high-order explosive. 

Regardless of the type of energetic material, it cannot 
undergo a decomposition until sufficient energy has first 
been added to get the process started (ignition or initia- 
tion). The energy added to the material can be in the 
form of heat, impact, friction, shock, or any combination 
of these energy sources (See Fig. 1). 

Once a material starts to undergo decomposition, it 
also begins to change into new material. The new materi- 
al is said to be in a more stable state, or is less en: E 
than the original material. For instance, when å piece of. 
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es into smoke and ashes, which are 
efore, the burning of wood produced 


Produces large 
minor amounts 
h are accompa- 
at. 
gases from the decomposition 
the formation of a high-pres- 
са where decomposition is taking 
ace. This is an important concept to understand 
this generation of pressure is one of the things 


sure zone in the ar: 
pl 


pressure formed by decomposition could 
to push the container apart. Out in the op 


sure, if built up fast enough, will push 
and move or destroy them, kind of like a strong | 

On the other hand, if the decomposition of 
getic material is extremely fast, the area of deco 
tion is preceded by shock or stress waves which moy: 
through the surrounding media (while pressure is 
being built up in the area of decomposition). Of impor- 
tance to us is the fact that this shock wave contains so 
much energy that it will break things around it. The 
shock wave, unlike pressure, does not push against an 
object; it actually enters the object and breaks it apart 
from the inside. It is this combination of pressure and 
shock-wave generation that makes energetic materials 
both useful and hazardous. 

In the preceding paragraph, the general public's con» 
cept of an explosion (decomposition fast enough to gener- 
ate pressure or pressure and shock) was introduced. In 
more scientific terms, if the decomposition of energetic 
material occurs at a rate greater than the speed of sound, 
the decomposition process is called detonation. When an 
energetic material is capable of undergoing detonation- 
type decomposition, that energetic material is called a 
high explosive. The actual speed at which the detonation 
moves (propagates) through the energetic material is 
referred to as the material’s detonation velocity, and itis 
often used as a tool for classification of high explosives. 

If, on the other hand, the energetic material under- 
goes decomposition at a rate less than the speed of 
sound, the decomposition process is called deflagration 
(superfast burning). Energetic materials that decompose 
through deflagration are referred to as low explosives, 
and they do not generate a shock wave. A general ruli 
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very slow, it is referred to 

g. Combustion is the normal 

for materials (for the most part 

have been ignited. In most cases of 

j e is very little, if any, pressure generat- 

s in almost all things, there are exceptions 

e, and under specia! conditions both energetic 

etic materials can be made to burn, defla- 
detonate. 


Chapter Two 

PHYSICS OF 
ENERGETIC 
MATERIAL 
DECOMPOSITION 


>>» Å nderstanding the physical process of 


an explosion requires a brief look at 

the physics associated with energetic 

“@ material decomposition. The key physi- 
cal parameters associated with 

this decomposition are heat, pres- 

sure, and shock. In this chapter, the 
interaction and interdependency of 

— these parameters will be discussed. 


DEFLAGRATION 

Deflagration of energetic materials is an exothermic 
redox reaction. In more common terms, itis a reaction 
that, once initiated, generates sufficient energy to sus- 
tain the reaction. The actual physics of initiation of 
energetic materials is very complex and beyond the 
scope of this text. It is sufficient to know that ignition 
occurs when an external energy source introduces ener- 
gy to an energetic material, causing hot spots to form on 
or in the material. 

Figure 2 is a microscopic representation of a near-sur- 
face cross section of energetic material. The stippled 
rectangles represent the general nonhomogenous (made 
up of more than one type of stuff) and nonisotropic (stuff. 
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MICROSCOPIC 
VIEW ie 


Figure 2. Introduction of energy. 


that is not all the same shay 
direction) character of mo: 


that is being introduced. If the en: 
S from an adjacent fire, the crossh. 
be 


are three basic methods for turning sensitive 
hotspots: (1) compression 


ofthe explosive 
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material can cause adiabatic cor s 

bles entrapped within the explosive 

tion or movement of the material ca 
heating when the surfaces of solid ingredi 
together; and (8) rapidly flowing materials: 
viscous heat as they are forced through the 


most cases of deflagration, there will be more 

hot-spot generation mechanism at work. The 

hot spot initially is very small (10 to 10 5cm in 

or .001 to .00001 cm) relative to the explosive u 
overall volume. Although unlikely, if there were no sensi- 
tive areas or voids in the explosive mixture, hot spots 
could not form and thus no explosion would occur. When 
this does happen (often due to overcompaction), the 
explosive is considered as being dead-pressed. 

Once the energetic material has been exposed to exter- 
nal energy and hot spots have been generated, the sur- 
face of the material will soon reach temperatures high 
enough to volatilize it. Generally, this process, called the 
induction lag or ignition time delay, occurs in a very short 
period of time (measured in microseconds). There is no 
standard lag time for explosive material since the indue- 
tion lag is dependent on the composition of the explosive 
mixture. As an example, the liquid, nitroglycerin, begins 
to vaporize at only 140°F, whereas the solid, sulphur, 
requires around 500°F to volatilize. 

With the deflagration process underway, the ener- 
getic material environment takes on a definite layered 
character (Fig. 3). Because the flame zone is the heat 
source that perpetuates volatilization of the explosive, 
it can be viewed as the key layer. The hotter the flame 
zone, the more rapid the rate of volatilization and thus 
the more rapid the rate of decomposition. The gases 
produced by deflagration of the explosive create a pres- 
sure zone that expands into the surrounding media. 
‘The pressure experienced in this zone is proportional to 
the rate of deflagration and to the degree of confine- 
ment of the energetic material. 1 


FLAME ZONE 


ure within the 


Pressure can. 

rst risen toa 

h of whatever 

pressure zone 

е zone toward. T surface of 

ial, i ing the rate of heat trans- 
material, increasing à e t 

j i ulis in an increase in the 

material, which res; 


А good example of deflagration isin t 


black powder rifle. To represent unco 
tion, a normal load of black powd: 
grams, is placed on the ground. A lead 
the pile of powder and the powder 1: ; 
tion a large cloud of gases will be created 

noise will occur, but the lead bullet will barely! 
Decomposition took place, but the unconfined 
zone never reached a level high enough to force the й 
zone toward the surface of the black powder. 
If, however, the same amount of powder were p 
into a rifle and a bullet firmly placed on top of the powder, 
the energetic material would be confined. Ignition of the | 
powder will produce a considerable noise, and the bullet 
will be thrown a long distance. What has happened s 
that the deflagration process remained confined until it 
had generated a pressure sufficient to move the bullet 
down the barrel of the gun. This small increase in press 
sure forced the flame zone closer to the explosive and 
increased the rate of deflagration. The increased rate of 
deflagration produced a more powerful release of energy 
than the decomposition of the unconfined pile of powder. 

In the above example, the lead bullet had been secured 
in the rifle so that it could not be moved, the deflagration 
process could have become a detonation-type decomposi- 
tion. Although it is uncommon. for a low explosive to expe- 
rience detonation, it can happen under the proper condi- 
tions. In most cases the low explosive must be confined in 
such a way that the pressure zone’s pressure increases to 
a point where the flame zone js driven into the energetic 
material. This is referred to as a convective flame front 
and is characterized by the propagation of hot combustive 
gases through the pores of the explosive. 

For example, if strong pipe is filled with a low explo- 
give and the explosive is ignited at the open end of the 
pipe, the explosive will start deflagrating. As it is con- 
sumed, the flame front moves deeper into the pipe and 
pressure begins to build up behind it. The pressure 
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igure 4. Deflagration to detonation transfer, 
е Ji 


buildup occurs because the decomposition Ганев have 4 
greater distance to travel to get to the Open air and 


‘use they are being generated at the point of decom- 
Position faster than they can get out of the pi 


into the explosive material, 
This advance of the hot combustive 


Bases increases 
the internal Pressure of the explosive 


material. Soon a 
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series of compressive waves o 

duced and travel forward into 

are characterized by a front an 

almost identical (Fig. 4A). The 

sive waves through the explosive 

even more accelerated pressure a: 

buildup. Eventually the rate of buildup 

where the wave's peak amplitude (its top)is 

to a speed faster than the leading edge of the 

4B). Ås the peak of the wave overtakes its 

it no longer is a compressive wave but has 
shock wave, which is characterized by an almost: 
tancous pressure rise at its front (Fig. 4C). At this 
the explosive material’s decomposition is through 
nation, which is caused by the shock wave. Th 
nomenon just described is most often referred to 
Deflagration to Detonation Transfer (DDT). 


DETONATION 


produces ach 

What a mouthful 

the shock wave as somethin; 
sive so hard and so fast that 


would have move 
undergo certain chan 


a rate proportional to 
keeps the shock wave moving 

Although it is the shock wave that moves 
energetic material, another way of viewing detonation is 
to consider the shock wave as being stationary and 
energetic material as being in motion. In this 
shock wave is like a hill and the explosive mate 
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UADETONATED EXPLOSIVE 
SHOCK PRONT 
íi / > Exe 


has the shape of a 
tis like a smooth 


te, as in Figure 4C 


then generat 


апрлин оок NE 7 
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Figure 6. The detonation process. 


explain what is happening in the detonation pro 
better understand what is happening during 
tion, we will freeze the detonation process in 
view the explosive material as being subdivided 
basic pressure zones. There are those who woul 
that a more accurato description of the six zoni 
be to base their classification on the material 
each zone. For our engineering needs, however, 
viow the subdivision as six areas in which the 
undergoing different changes. 

The most important subdivision is the area 
shock-induced steady decomposition is taking 
referred to as the initial reaction or 
6). In the illustration the direction of deto 
left to right; therefore, to the right also? 
front. Thus the initial reaction zone has 
shock-wave front and to its rear the C-J pi 
shock-wave front is that very tio 
sive where the detonation wave exists. 


PHYSICS OF ENERGETIC MATERIAL | 


ouquet plane) is that point where the 


of the initial reaction zone has its 
e atthe shock front and lowest at its 
It is in this initial reaction zone that the bulk 
k-wave energy is generated, which in turn sup- 
the propagation of the shock front. The rear edge of 
‘the initial reaction zone, the C-J plane, marks the divid- 
ing line between steady and nonsteady decomposition. 
‘To make things more accurate for the academician, if the 
ie material is homogenous there is the possibility 
that decomposition will be completed in the initial reac- 
tion zone, but it ain’t likely. 

"The zone behind the initial reaction zone is one that is 
rather interesting and is best explained using the concept 
of material density. Assuming that there is no loss of mate- 
tial or change in yolume in the initial reaction zone 
(remember, you cannot destroy material; you can only 
change it from one form to another), then the density of the 
tes after detonation must equal the density before 
ea e RT From the pressure profile in Figure 

2 the density of the material in the initial 
reaction zone is very high. To balance things out, the rar- 
efaction zone just behind the initial reaction zone t 
havea very low density or a very low pressure. To 1 n 
| rear of the rarefaction zone the pressure be; ae ne 

again until the secondary reaction zone is EUN e p 
enste ae undergoes decomposition. pe viere 

‘or many high explosives, the initi. å 

decomposition will not be uni a eRe Serge 
of the explosive material will remain FE igne 
after the initial reaction zone has passed its ee Red 
material left in this secondary reaction cone may noe? 
goa local detonation or it may experience a (ume pet 
deflagration. What happens in the secondary eae 
zone is largely a function of the strength of the re 
shock wave and the quality and homogeneity of the ae 
material. These are key issues for those who wish 
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to design an explosive train 
Regardless of the decomposition 
uct of the secondary reaction zone: 


For engineering purposes, these 

the shock-wave front are the most in 
there are also three zones in front 
Farthest in front is the unreacted explast 
zone. Here the materialis undisturbed and 
temperature and pressure. Just behind 
initial pressure buildup zone, where the mati 
change due to the detonation 

and the shock-wave front is 


Perhaps one way woul: 
der of explosive material lying © 
observer inside it. For this example time will 
way down 60 that as you stand there, you can see, ve 

and foel the detonation as it passes your position. AL е 


there is по sound; your only sensation that detonation ig 
taking place off to your lef! 


% js that pressure begins to 

build up around you. Allofasudden the pressure jumps. 1 
sky high, there is а great deal of heat, and емегу 
around you is breaking apart and turning into å vapor or { 
gas. Just as you start to get your 
drops almost as fast 8 it had risen. 
the pressure slowly building pack up and 

ial tumbling about 


chunks of explosive materi: 
behind а fast-moving car on. a country lane. These ch 
2 2 Pa. 


little deton: 

sure begins to drop 

xealize you have exp 
Before we 

detonation, itis песе! 

clear division between these two 


INTERMEDIATE DETONATION 


LOV ORDER DETONATION 


7 
Å DEFLAGRATION 


TINE 
Figure 7. Explosive pressure curves, 
reality, there is a large number of processes that fall 
between the two end conditions of deflagration and deto- 
through a plot of pressure 


tion curve is Lik i 
с and the deflagration curve is like a gentle willed 


getic material decomposes. 
ore complete picture of the 
however, you must w 

what is happening chemic 
ing decomposition. ‘Yo unveil th: 
of explosives, We must go 

—— the explosive and look 
vidual compounds to see how they interact. jo 
tion must be given to compounds that are present 
the decomposition starts, bow they break 
their basic elements, and then how they recom! 
form now compounds. The key factor during | 
cal process, from an explosives perspective, 
gy that is released. 


The principal i 
dizers, and special 
material (often called 
mist this would be 

Ў sngineer It 15 accurate: 


into more chemistry than is needed, 
in of basic explosive ingredients can be 
with two of the chemicals found in black gun. 


r. oxidizing chemical in black powder ìs potas- 

A (KNOs) and one of the fuels is carbon (C). In 

“the reaction process, the components of the oxidizer are 

separated and recombined with the carbon. The chemi- 
cal equation for this process is as follows: 


2KNO;+ Cs = KyCO3 + CO + CO + Na 


Because potassium nitrate supplies concentrated oxy- 
gen to the carbon, the temperature given off in forming 
carbon dioxide (CO3) and carbon monoxide (CO) is much 
greater than ordinary combustion, where the oxygen (О) 
is supplied by the air. Also, the rate at which the decom- 
position takes place is much faster because of the concen- 
trated oxygen, and thus usable pressures are produced. 

If we were to add the third chemical found in black 
powder, sulphur (S), a different decomposition process 
would take place. The components of the oxidizer are sep- 


arated and recombined with the carbon and the sulphur. 
"This results in the 


ger guage of chemists, the 
decomposition of gunpowder Would be as follows: 


KNO;+S+8C 2 K,S+300, 


gunpowder solid Miele 


gases 


ion tem; 
sensitizer the sulphuris the fret omer 200 Е). Ава 


3 an ; 
This means that the sulfur facili carbon mixture, 


O m 


gunpowder, or makes it more sensitive 
One final thought in this fuel/oxidizer 


work, 

chemical sense, 
gains electrons or 
tion, which means 


ENERGY AND BY-PRODUCTS 

All this chemistry is somewhat ofa pain, but under- 
standing the basics is vital if correct explosive mixtures: 
are to be formed. For example, in making an explosive, it 
ig important to combine the right amount of oxidizer 
with the right amount of fuel. One way of looking at this 
ig to take a piece of paper and place it inside of a glass jar 
with a lid. Now, if you could light the paper (by magic), it 
would burn until all the air in the jar was gone ог until 
all the paper was burned. If you picked just the right- 
sized jar and just the right-sized piece of paper, you 
would have both the air and the paper run out at exactly 
the same time. Jf this happened you would have the 
amount of air and paper in perfect balance. 

‘As in the air and paper example, there is also а rela- 
tionship between the explosive ingredient's fuel and oxi- 
dizer. The optimum yatio is one that provides just 


zero-oxygen-balance mixture, the energetic material 1 
decompose with a maximum energy release and a mini- 
mum amount of fumes. d г 
ТЕ you до not have a balanced explosive mixture, 
there are two things that can happen. One is a loss of 
energy; that is to say, you do not get as much bang as 
you could have gotten if you had a balanced mixture. 
ibility is even worse: nob only will yon | 
will produce a lot of fumes; Many of 


the fumes resulting from an out-of-balance D 


Figure 8. Relative energy released in detonation. 


mixture can be hazardous to your health 
Wit were possible to form an energetic material 
from pure elements of fuel and oxidizer, a zero-oxygen- 
balance mixture would be casy to obtain. This is not 
the case, however. For example, the most common oxi- 
dizers used in commercial explosives are ammonium 
nitrate, sodium nitrate, and calcium nitrate, all of 
which have the oxidizer element oxygen (0) combined 
with other elements. When an energetic material con- 
taining these oxidizers undergoes decomposition, some 
of the oxygen is used up in production of energy rob- 
bing compounds such as NO, N50, and NOx. As was 
said earlier, this results in an overall reduction in ener- 
| By release and often in the production of toxic fumes, 
_ The common commercial high-explosive oxidizer, 
ium nitrate (AN), in combination with the fuel, 
oil (CH5), or in combination with the sensitizing 
H (А1), can be used to demonstrate en: 


ips. Equations 1 through 2 below show 


zero-oxygen- 

Equation Lis for a тего-охуі 
provides å reference energy release 
(the k stands for kilo and represents 
ig for а fuel-rich or excess-fuel conditii 
0.5k joule per gram reduction in 


is for an oxidizer-rich 


Y explosive, 
be better to err on the side of too much oxidizer ( 
um nitrate or fertilizer) than too much fuel (fuel oil). 


EQUATION COMPOUND ENG: 


gero-oxygen-balance 
(1) 94.5% oxidizer to 6.5% fuel 


3NHYNO; + CH; > 7950 + CO + 3N2 3,891 joules 
fuel rich 
(2) 92.0% oxidizer to 8.0% fuel 

ONH4NO; + CHp — 6H,0 + CO + 2N» 8,389 joules 
oxidizer rich 


(3) 96.6% oxidizer to. 8.4% fuel 


змнуМОз + 06 11H30 +00,+4Ny + 290 2,510 joules 1 


with sensitizing fuel 


(4) 81.6% AN to 18.4% Al ? 
3NH4NO; + 2A1— 68,0 + МьОз 48N5 6,778jøules — — 


‘The last equation in our review of energy release. 
the explosive ANF' О incorporates the addition of 
cial fuel or sensitizer, aluminum (AD. With the 
there is a 5k joule increase inet 


carbon (C), aluminum 

(Mg). Of course these elements will 

s of a compound made up of other ele- 

the decomposition of an energetic material 

% ins the elements O, N, H, and С, the gaseous 

of detonation would be H30, COg, and №. For 

energetic materials that contain Al and Mg as sensitiz- 

ing fuels, decomposition will form stable solid com- 
of their oxides. 

А graphical representation of this difference in ener- 
gy release, by common products of decomposition of ener- 
getic materials, is shown in Figure 8. The energy-robbing 
mitrogen-oxygen compound bars are drawn below the 
horizontal axis to represent the fact that they absorb 
heat (energy) rather than release it. The two large bars 
on the right side of the chart illustrate the energy- 
release increase resulting from the use of special sensi- 
tizing fuels (Al and Mg), It is not important to fully 
understand the chemistry of what is happening. What is 
important is to understand the relationship between 
fuels, oxidizers, and sensitizers. 
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xplosives are compounds 
tures of compounds, e: 


Ps 


— 


ciently cut the steel rail of a 
sections cover the basic physical 


as listed below: 


DENSHY 
DETONATION VELOCITY 


DETONATION PRESSURE 
STREN 
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perfect explosive mixture has 

d has an ideal geometric configura- 

a theoretical detonation velocity and 
pressure. The theoretical detonation velocity 
ant on chemical composition, bulk densi- 
ture, pressure, catalytic influences, and the 
‘of the initiation process. The following equa- 
establish a working relationship between detona- 
pressure, detonation yelocity, and the density of the 


Ра= (02.325 х107)х0, хүр 


where: Ра = detonation pressure in kilobars 
"Wa = detonation velocity in feet per second 
d, = density in grams per cubic centimeter 


Equation 2 
Pa-(25x105xe,xV4 
where: Pa = detonation pressure in kilobars 
Va- detonation velocity in meters per second 
е = density in grams per cubic centimeter 


Equation 3 
Va 3810 (0.392 +0,) 


where: V, detonation velocity in meters per second 
©. = density in grams per cubic centimeter 


E: To convert from bars to pounds per s 
multiply bars by 14.5. ESP 
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The density of a substance is its п 
(w/V). In other words, a substances 
per cubic foot, kilograms per cubic meter, 
cubic centimeter. In almost all references 
explosives material, the density of explosives: 
grams per cubic centimeter, which is labeled 
important for the serious explosives engineer to 
that in almost all situations, density refers to ini 
sity, P. Аз soon as detonation occurs, the densi! 
explosive begins to change throughout. To make th 
problem workable, however, density (€e) will always 
the initial density of the explosive charge. 

From equations 1 and 2 it would appear that as you. 
increase the density of an explosive you will increase the 
detonation velocity (Vd) and the detonation pressure (Pd). 
In reality, as you increase the density of a single-compo- 
nent explosive, you will increase the detonation velocity 
wo until the components crystal density is reached. 

An easier way of looking at this is to take a large crys- 
tal, such as quartz, and break it into many small pieces. If 
you could magically scatter. these pieces throughout a Lx 
1'x 1' box, the density for the quartz would be very low. 
Now if you bring the crystal pieces closer together so they 
axe all touching one another, the density of the quartz 
increases, Ifyou were to now put the crushed quartz into a 
press and squeeze jt, you would increase the density 48 
you increased the pressure. However, you could not 
ter than the original density of the quartz 
crystal (its crystal density) before you proke it. 

Figure 9 illustrates the change in detonation velocity 
(m/sec) with change in density (g/cc) for some secondary , 

ives. Figure 10 illustrates the change in detona- 
ity with change jn density for some primary 
explosives. (Secondary and primary explosives wi be 


covered later in the text.) à 
[n some engineering applications, the engineer will 


not be using å single-component explosive but explosives. 
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0.5 
bensity (g/cc) 


9. Detonation velocities for secondary explosives. 
ted from Johansson and Persson, 1970.) 


p of two or more components. In most cases one 
will be oxygen-rich and the other oxygen- 
(ог а fuel). When using multicomponent explo- 
increase the density of the explosive you 
the detonation velocity—up to a point. 
in density will result in a reduction in 

ity (see Figure 11). 
were simple, equations 1, 2, and 3 would 


km/sec) 


Detonetion Velocity 


со 


a 


Figure 1 
(Adapted from Johansson and Persson, 1970.) 


and 
parameters. For 
density may be change 
pressed into a container or a hole. From 
would not appear to be a problem 


22: 


Lead Azide p 


pensiiy (g/CC) 


0. Detonation velocities for primary 


the density you should be. able’ 


| 
90AN / 10AL 


П П П = ЛЕЕ 
ОТИ 02 1.3 4.4 
Density (3000) 


Figure 11. Detonation velocity vs. density for two-camponent explo- 
‘sive compounds. (Adapted fram Johansson and Persson, 1970.) 


apport the formation о! 
said to be dead-presse; 


a knowledge of explo- 

ity is to caleulate the amount of. explosives Suet 

used in blasting. The explosives engineer often 
о Fy 


amount (in pounds) og 
‘loaded foot of hole. Another field applica. 


y is in the traditional density/stick count, 


The density/stick count is 

density of the explosive and the num! 
8-inch cartridges contained in a 50- 
be noted, however, that there are few 
8-inch cartridges being manufacture 
States today. 


DETONATION VELOCITY 
As was covered earlier under deflagration and d 
tion, the detonation velocity of an explosive is the 


velocity, which is rel 
One ofthe factors that produces 
tion velocity (as we have covered) ii 
explosive material. A second parameter that influences: 
deionation velocity is the diameter of the explosive 
charge. In general, 23 the diameter of an explosive 
charge is increased, the detonation velocity is also 
increased. This continues until the explosive's hydrody- 
namic velocity 1s reached, In the reverse case, 83 the 
charge diameter is reduced, the detonation velocity will 
be reduced to a point at which the charge can no longer 
support detonation. The point at which detonation no 
longer occurs 15 referred to as the explosive's critical 


diameter (Dg). Figure 12 illustrates the change in deto- 


nation velocity with change in charge diameter for com- 


mon explosives. 


DETONATION PRESSURE 

AND EXPLOSIVE 
Detonation pressure ig that pressure experienced at 
the front edge of the jnitial reaction zone. Equations 1 

and 2 establish a relationship between detonation pres- — 
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Veis determined from 


Equation 4 lå 
Pg=Cox Vax Ve 


е. 
Ve = explosive particle velocity in in 
per second 


As was stated earlier, the detonation pres 
shatter objects rather than push them «side. Ax 
of this shattering potential is referred to as thi 
n^ 

detonation pressure With 
pressure is associated ' 1 
dium after the shock was 


cracks in. 


material to be move 
explosion took place. The 
half of the maximum detonation pressure. 


defined as a mea- 
work it is. 


its greatest ap 
dynamite. In this role, 
identification mi i 
reality, however, 
suring an explosive's strength, 
fications reveal how wi 
all conditions. 1 
For all practical purposes, modern explosive 
clature totally disregards the concept of si 
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it still has applications for ? 


such аз ites, we will review the 
itional definitions. One definition is 
or the percentage by weight of nitroglyc- 
e dynamite. For more modern dynamites it is 
Lon a comparison of the new explosive with the old, 
straight dynamite. The second definition is bulk 
"strength, which was an attempt to take into considera- 
tion the influence of density. T o Й 
The device used to develop strength classifications is 
the ballistic mortar. The ballistic mortar is a small can- 
non suspended on a pendulum. It is loaded with 10 
grams of explosive, and the resultant swing of the pendu- 
Tum, upon initiation of the explosive, is compared to the 
swing of the pendulum when 10 grams of straight dyna- 
mite is used. The limited flexibility of the test makes it 
difficult to compare an explosive whose density varies 
significantly from straight dynamite. 


EXPLOSIVE ENERGY 

Explosive energy is a measure of the energy released 
from the decomposition of an explosive mixture. One way 
| to define explosive energy is to express it as calories per 
gram (cal/g). Different manufacturers may use different 
units, but they all are some form of energy per unit. This 
method of defining explosive energy is calculated direct- 
ly from the mixture's formula, 

Å second method of expressing explosive energy ig 
to equate the reaction of the earth’s material (rock) to 
the detonation of the explosive. In Simplistic terms, 
this method requires measuring how much material 
was thrown and how fast it was moving, This is not an 
easy task, and it is influenced by the nature of the rock 
being blasted. Also, this is not a widely accepted stan- 
dard for measuring explosive energy, and thus most 
explosives engineers need concern themselves only 
with heat-of-formation values expressed in calories 
per gram. 


— 


BRISAN! 

Brisance is a measure of a] 
shatter a given material, 
0.40 grams of the explosive are 
special sand. The explosive is deton: 
of sand that has been shattered is used as. 
of the brisance of the explosive. Other me 
measure brisance are: the plate dent test, 
of the dent produced by the explosive is used 
cation of brisance; the copper cylinder contr 
where the reduction in length after the explos 
been detonated on top of the cylinder indica: 
and the explosive projectile test, where the number, 
distribution, and fragment velocity of an exploded pro- - 
jectile are used to indicate brisance. 


SENSITIVITY 
In the introduction to this book, I stated that there 
are four basic methods of initiating or starting explosive 
decomposition. Because we are interested primarily in 
detonation, the preferred method for initiation is 
through a shock wave that is of sufficient velocity to 
cause our explosive charge to undergo detonation. Thus 
our interpretation of sensitivity is “the relative amount 
of shock energy required to cause an explosive to deto- | 
nate.” For basic applications, the source ofthe detona- 
tion shock wave is a standard blasting-cap-type initia- 
ion device. 
i ye an explosive mixture, the aim isto make 
it sensitive to shock initiation from a blasting cap but 
relatively insensitive to other forms of initiation such as 
heat, friction, and impact. One of the most prevalent 
methods of identifying design sensitivity is to measure it 
by the size of blasting сар required to initiate the explo- 
sive. The standard in the United States is the No. 8 
blasting cap. A more accurate Jaboratory means of 
mining sensitivity is to use a fixed amount of stan 
primary explosive such as PETN. 
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explosive sensitivity is explosive 

sive sensitiveness is a measure of an 

te detonation across an air 

y of measuring this is to Eripe al å 

of dynamite in half and separate (end to 
Eie by a fixed distance. One of the halves 


initiated and a determination is made if the sec- 

half was initiated over the air gap. This is continued 

- at varying distances until the maximum distance (in 

inches) over which the initiated half stick will cause the 

second half to detonate is determined. This maximum 
distance is a measure of the explosive’s sensitiveness, 


FLAMMABILITY 

Flammability is much like sensitivity; it is a determi- 
nation of an explosive's sensitivity to being ignited by 
heat. This is a relative measure of the amount of heat it 
takes to cause the explosive to burn but not detonate. 
There is a level of heat that, if reached, will cause the 
explosive to detonate; it is referred io as tho critical tem- 

| perature of the explosive. 


PERMISSIBILITY 

Permissibility is a go/no-go measure of an explosive’s 

ability to be used safely in underground gaseous mines. 
| That is to say, an explosiveis either a permissible or it is 
| not a permissible. Permissible explosives are designed to 
minimize the temperature, yolume, and duration of their 
flames, By reducing the explosive’s lame parameters, it 
reduces the likelihood of the flame igniting gas or dusts 
in the mine. Permissibles find their greatest application 
in coal mines, where methane gas and coal dust are a 
real hazard. 


WATER RESISTANCE 
‘The water resistance of an explosive is a measure of 
many hours it can remain submerged in still water 
‘and still be detonated. Basically, this is a measure of how 


OE ee 
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the explosive package or wrapper and! 
he explosive itself аге employe 
from penetrating the explosive. This та 


relative terms of good, fair, poor, ete. 

Tt is important to realize that the test to 
explosive's water resistance is conducted in 
tively pure water and at low pressures. In 
water that fills blast holes may be acidic and, at t 
tom of the hole, the hydrostatic pressure maybe 
high (depending on the depth ofthe water). 6 


FUME CLASSIFICATION 

In the industrial application of explosives, the 
gaseous by-products of an explosion are referred to ав 
smoke and fumes. Smoke is made up primarily of steam. 
and solid products of combustion. Fumes, og theother 
hand, are the gases of combustion such as carbon monos- 
ide, Those of interest in generating fume classification. 
are toxic (see Fig. 8). 

There are two classification schemes for industrial 
explosives—one for permissibles and the other for nonper- 
missibles. Permissibles are classified as Class А if they 
produce 0-53 liters of noxivns gases per 1 1/2 pounds of 
Permissibles are classified as Class B ifthey 
produce 54-106 liters of noxious gases per 1 1/2 pounds of 
explosive. Nonpermissibles are classified as Class 1 if the; 
produce 0.00-0.16 cubic feet of noxious gases per cartridge. 
Nonpermissibles are classified as Class 2 if 
0.17-0.33 cubic feet of noxious gases per car- 
tridge of explosive. Nonpermissibles are classified as 
Class 3 if they produce 0.34-0.67 cubic feet of noxious 


gases per cartridge of explosive. 
CHARGE SHAPE 


So far in our treatment of explosives, all explosive 
mixtures were taken to be cylindrical. In this geometrie - 


explosive. 


of explosive. 
they produce 
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nite relationship between 

gth. This enl is con- 

n products’ lateral expansion and 

| for room to expand appropriately. It 

m experimentally that most commercia] 

es require a charge length that is four to five 

diameter to support optimum detona- 

‘This is another of the key parameters in designing 
explosive train. 

In 1883, C.E. Munroe discovered a second area where 
the charge shape influences explosive performance, By 
indenting one end of a column of explosives and igniting 
the opposite end, Munroe was able to obtain a high-veloci- 
ty plasma. This plasma proceeded from the indented end 
ofthe charge at speeds greater than the detonation veloci- 
4y of the explosive. This phenomenon is referred to as the 
Munroe Effect, or a shaped charge. If a metallic material is 
used to line the surface of the indentation, the plasma 
Generated will be ofhigher density and thus posses far 
Greater energies. Good explosive parameters for the explo- 
sive engineer to know and understand. 


CHARGE CONFINEMENT 

Another factor that can influence explosive perfor- 
mance is the degree of confinement of the explosive 
charge. In the equations for detonation pressure and 
velocity, it is assumed that the charge is totally confined, 
This means that in the equation no allowance is made for 
loss of heat or the release of explosive products, In just 
the reverse of the confinement assumption, the equation 
assumes that there are no lateral confinemen ts to the 
passage of the detonation wave. In essence, these con- 
t factors tend to cause the real world values of 


detonation pressure and velocity to be less than thos 
produced by the equations. E 


PARTICLE SIZE 
- AJast parameter that influences explosive perfor- 
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the mixture and in 
available for decomposi 

One area where this p 
in the use of ANFO., The SUE 
ANFO can cause reduction 
alsointeresting to note the influence 
size on the sensitivity of ANFO, which is 
ter for the explosives engineer. 
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>>» J number of explosive ch i 
have been introduced to aid in 
guishing hetween differing e 
@ materials. In this chapter, exp 
materials will be addressed under. 
four groupings, based primarily on | 
their utilization. The first contains the — 
high explosives, which are common- 
——— ly referred to as primary explosives, 
The second group is made up of those high explosives that 
are called secondary explosives. The third group are those 
high explosives used in industry. The fourth covers afew 
of the more common military explosives. e 


PRIMARY EXPLOSIVES 
Primary explosives are energetic materials that 
sensitive to initiation by heat, spark, impact, or frk 
Their primary application is as the first elemei 
explosive train, which is a sequence of. explosive 
als varying in sensitivity. The first element, 
primer, is the most sensitive and is used to 
second element, often called the booster. Th 
adds energy to the detonation wave gent 
primer and is used to initiate the main 
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лое train. The main charge and the booster are sec- 
“ondary explosives and are not as easily ignited as the 
_ prime, which is a primary cxplosive. 

/ There are times when one ог two other elements are 
added to the explosive train. One such element is a 
delay, which is designed to prevent detonation of the 
for a specific period of time after the primer has 

een fired. The other is a relay, which may be needed to 
strengthen the shock wave of the delay so that the boost- 

er or secondary explosive can be initiated. 

Although primary explosives are by far the most dan- 

- gerous energetic materials because they are so easy to initi- 
. hey do have applications in other areas. For example, 
tehes make use of friction-sensitive compounds in 

atch head. Also, many toy caps, toy torpedoes, and 
devices used for generating noise make use of pri- 
explosives. To some extent, one might say that these 
of primary explosives existed before they were 
losives industry. It should be noted, howev- 
of these nonindustrial applications, the pri- 

js used in very small amounts. 
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multiplied by all the different w: 
initiation devices, the subject be 
nous. Rather than cover all these 
applications, we will concentrate on o 


monly used in the construction of such | 
as blasting caps and primers. Figure 1: 
the physical attributes of common primary 
For most explosives engineers, the info 
Figure 13 is of little use outside of academic 
‘The average explosives enginéer will use comm 
manufactured ignition systems specifically de 
ignite the booster or secondary explosive being 
However, for those who may find the need for desi; 
the entire explosive train themselves, the information 
Figure 13 is of great value. 
For example, in designing the primer explosive com- 
pound, it is important to know which secondary or boost- 
er explosives can be initiated by which primary explo- 
sives. Figure 14 illustrates the relative efficiency of vari- 
ous primary explosives in initiating some of the more fre- 
quently used secondary explosives. From Figure 14 1018 
evident that if the secondary explosive is PETN, then 
mercury fulminate would be the optimum primary explo- 
sive. The least desirable primary explosive, if PETN is 
the secondary, would be tetracene. 
Of course it is also important to know which trigger» 
ing mechanism or initiation method is optimum for 
primary explosive. That is to say, itis important to 
how you plan to initiate the primary explosive 
flame, shock, spark, or friction. In the previous 
mercury fulminate is used as the primary 0 
initiate PETN. Based on Figure 15, mercury 
most sensitive to impact, which would be the ic 
gering mechanism. 
There are other explosive mixtures used at 


EXPLOSIVE MATERIALS: 


+— 


Auopius 
Prerate 
vers 


PETE 
Macri 
Pierate 


iw antt 


wads ern 


DLAZODIRETBOPKENOL. 
(y) 


14. Primary explosives" utility. 


match. When used in field- 
the kitchen match does have 
on as a primer. However, the friction- 


or 

The most common fricti 
translate push or pull energy 
is accomplished by movement of a 
friction-sensitive compound. To 
friction, the rod/wire may be rough 
material may be added to the expl 
Listed below are the percentage of comp 
composition for three typical friction primer 


Two-Component Mixture: 
Potassium Chlorate = 66.6 percent (about 2 pa 
Antimony Sulfide = 33.4 percent (about 1 part) 


Four-Component Mixture: 
Potassium Chlorate = 56.2 percent (about 6 parts) 
Antimony Sulfide = 24.6 percent (about 3 parts) 
Sulfur = 9.0 percent (about 1 part) 

Ground Glass = 10.2 percent (about 1 part) 


Five-Component Mixture: 
Potassium Chlorate = 44.6 percent (about 12 parts) 
Antimony Sulfide = 44.6 percent (about 12 parts) 
Sulfur = 3.6 percent (about 1 part) 
Ground Glass = 3.6 percent (about 1 part) 
Metal Powder = 3.6 percent (about 1 part) 


Percussion Primers 

Percussion primers contain an energetic compound: 
impact sensitive and, when struck by a firing pin or 
device, produce a very hot flame. Most percussion 
have the explosive compound contained in a small n 
cup. The primer compound is wet mixed and pressed; 
cup. If needed, an anvil foil is inserted into the cup 
the primer cup is set aside to dry. This type of pri 
often referred to as a Boxer primer. If the primer d 
tain an anvil it is called a Berdan primer. 


heat 


Fractien 


Fraction 
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the Boxer primer, a stiff, convex, two- or three- 
circular metal foil is pressed into the cup after the 
material. This metal foil is bent so that the center 
tact with the primer material and the outer 
the leafs are secured to the rim of the cup. In 
‘the center of the foil acts as an anvil when the 

of the cup is struck by a firing pin. 
the percussion primer, the primer cup is 
'a well designed to hold it. When Boxer 
the primer well has a hole drilled in its 
‘This hole provides an avenue for the hot 
through to the booster charge or to 


the explosive pow: 
primer does not contain 


tion as the anvil. In this case the | 


are listed below: 


PRIMER TYPES 


Mercury Fulminate 
Potassium Chlorate 25.0% 52.595 53% 
Antimony Sulfide 26.2% 36.5% 17% 
Lead Thiocyanate ho ied 25% 
Lead Peroxide Кор та . 25% 
TNT E x 5% 5% 


SECONDARY EXPLOSIVES i 

If a delay and/or relay is not used in the explosive — 
train, the explosive most often following the primer is a 
booster, which is a secondary explosive. The booster is 
less sensitive to initiation than the primer but is more 
sensitive than the main or, as it is sometimes | 
bursting charge. The booster's role is to add deto 
energy to that of the primer, thus bringing it up toa 
sufficient to initiate the main charge. 

Booth the booster and the main charge are se 


explosives. As a secondary explosive they differ. 
mary explosives in three basic ways. The first 
ondary explosive’s insensitivity relative to th 
explosive. In other words, it takes more initia 


CROSS SE 
Figure 16. Percussion primer. 


дагу explosives to detonate than it does pri- 
‘explosives. A second difference is that secondary 
es do not normally undergo а DDT (remember: a 
to detonation transfer). Secondary explo- 

ative insensitivity to ignition by electrostatic 
‘the third difference between secondary and pri- 


seven basic groups. Each group 
tive explosives are listed below. 


3. Nitroaromatics: 
ammonium picrate 
TNT 


4. Ammonium Nitrate 
5. Binary: 


6. Ternary 
7. Quaternary 


COMMERCIAL HIGH EXPLO! 

There are numerous domestic and foreign | 
turers of explosives. Often their products are i 
performance, even though they may have. 
names. To try and reduce the complexity of 
commercial explosives, individual manufa 
will not be used in the following section. Insi 
explosives will be grouped into classes based 
overall general properties. 


Dynamite 
Dynamite originated when Alfred Nobel 
glycerin with elay, sawdust, and a mixture 
Since that time the composition and nature of 
have changed dramatically. Many ingredient 
incorporated into the composition, produ 
that today are safer and better designed to 
tude of missions. 


If you do not include all of the v 
ufacturer modifications, dynamite can | 
into three basic classes. The first clas: 


to the granular texture of the 
5 class does not contain nitrocellulose. The 
of dynamite is called gelatin dynamite. This 


sive does not have a granular texture but it 

ı nitrocellulose. The third class is a granular 
(ammonia dynamite) that contains a small 

unt of nitrocellulose, called semigelatin dynamite. 
e 17 shows the relationship between the ingredi- 
of dynamite and the resulting dynamite type, and 
е 18 lists typical commercial dynamite parameters. 


Water Gels 

Water gels are high explosives that do not contain 
nitroglycerin, First manufactured by Du Pont in 1958 
under the trade name 'Iovex, water gels offered a consid- 
erable increase in safety over dynamites. As water gels 
became more popular they took on the industrial name of 
slurry explosives. 

In general, slurry explosives are made up of four basic 
ingredient types. The oxidizer for slurry explosives is 
most often AN or AN + NO3, and the fuel is TNT, alu- 
minum powder, nitric acid, or nitrometh ane. The gelatin 
substance in water gels is guar gum, a sugar derivative. 
‘These ingredients are then held together as a mixture by 
the cross-linking agent potassium dichromate. 

For the most part, water gels are of a lower density 

most dynamites and have a lower detonation veloci- 
ty. They are much safer, however, and when compared to 
most blasting agents they have higher density, higher 
detonation velocity, much higher detonation pressure, 
and better water resistance. 


_ Blasting Agents 
., Blast ing agents are explosive compounds that cannot 
initiated by blasting caps and are made up of two 
nonexplosive ingredients, That is to say, the two 
ingredients of a blasting agent are by themselves 
ves; when you mix them together, however, 
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a separate text to cover all aspects. For 
engineer it is important to realize that the 
affecting ANFO performance are: - 
Oxygen Balance. An out-of-balance mix of 
oxidizer will result in loss of energy and produc- 
oxic fumes. 
(2) Charge Density. An increase in density results in an 
iner in detonation velocity and a decrease in sensitivity, 
— (8) Particle Size. A decrease in particle size results inan 
increase in detonation velocity and an increase in sensiti ty. 
(4) Percent water. Å very little amount of water will 
decrease detonation velocity and sensitivity, and just a 
little water will stop detonation. 
(5) Confinement. An increase in confinement will 
result in an increase in detonation velocity and an 
increase in sensitivity. 
(6) Charge Diameter. An increase in charge diameter 
Of up to 9 to 10 inches will result in an increase in deto- 
nation velocity. An increase in charge diameter will 
result in a decrease in Sensitivity up to about 5 inches. 
(7) Primer Strength. An increase in primer strength 
will increase detonation velocity up to a point. 


Emulsions 
One of the newer commercial explosives now on the 
market is the family of, explosives called emulsions, An 
emulsion is a liquid that is a mixture of two liquids. That 
is to say, the two liquids in the emulsion are mixed 
but remain Separate. One of the casiest ways to 
alize this is when a small amount of oil is put into a 
of water and the jaris shook. The oil forms small 
beads that are mixed throughout the water. If tho 
of oil could be made very small and if they could be 
ersed throughout the liquid, you would have an 
An emulsion explosive is made up of a liquid 
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pended in a liqui : 

One of the unique physical 
that they do not have to be a Наши 
uid. Because the continuous phase 
ingredient, it dictates the physical 
Sion. Thus an emulsion may flow like 
may be made like a stiff putty. Also, 
nature of the ingredients in an emulsion, th 
nature remains the same over a rather wide 
temperatures. 

One of the advantages of emulsions is 
they are quite insensitive, yet once initiated h 
detonation velocities. One reason for the good di 
velocities is the fact that the emulsion is made 
fine particles that are ina very uniform distributio 
This means that the detonation process is more uniform | 
than with granular or solid explosives, wherein the 
material is not uniform. 


Military Explosives 

The military use of explosives ranges from ANFO to 
exotic experimental explosives with high molecular den- 
sities. Because we have already covered many explosive 
types, only those explosives with a unique military use 
will be discussed. 

(1) Military Dynamite. Military dynamite is unique in 
its high RDX content (75 percent), which results in a deto- 
nation velocity of around 20,000 fps. Because of the diffi- 
culty in obtaining this grade of dynamite, it probably will 
soon be phased out of the inventory of military explosives. 

(2) Trinitrotoluene (TNT). Trinitrotoluene is the most 
widely used military explosive. Its primary use is as 
booster charge or as a demolitions charge. 

(3) Amatol. Amatol is an explosive mixture made 
ammonium nitrate (80 percent) and TNT (20 pe: 
is used as a more economic substitute for TNT. 
ofits poor water resistance, however, it does not I 


nt RDX, 9 percent wax. Used as a boost- 
ition devices and as a main charge in 


percent RDX, 39 percent TNT, 1 percent wax. 
t often as the main charge in shaped charges. 

= 60 percent RDX, 39.5 percent TNT, and 0.05 per- 
m silicate. Used in shaped charges and other 
8 devices. 

| C4=91 percent RDX, 9 percent nonexplosive plasti- 
‘cizers, Used ав a burster charge and as а main demoli- 
tions charge where high detonation velocities are 
required. 


(5) Tetrytol. Tetrytol is made up of 75 percent tetryl and 


25 percent TNT. It is most often used as a demolitions 
charge that is more powerful and brisant than TNT. 
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>» Å he testing of explosives is a 


and somewhat dangerous 
ing. Throughout history the: 
@ engineer has sought methods fi 
sis of his explosive concoctio 
methods devised by en 

diverse as the engineers th 

Rather than go into all 

7 — testing, only those tests mos 
quently used by industry will be covered in this chapte 


IMPACT TEST 

‘The impact test consists of placing a fixed vol 
material on a solid surface (anvil) and then dro; 
known weight from a known height onto the: 
Variables in this test are how much the weight v 
and how high the weight is above the anvil. 

For the most part, all of the variables in t! 
test are well controlled, especially when the 


ducted on an Explosive Research Laboratory | (1 
Picatinny Arsenal machine. The minimum 
causes the explosive to detonate or the 
minimum height and the weight's wei 
measure of impact sensitivity. 


is called the flying plate test. In 
ate is explosively driven against an 
‘The velocity of the plate is a measure 


SPARK (ELECTROSTATIC) TEST 
spark test is used to determine the sensitivity of 
апе e to a spark. In this test the explosive is sepa- 
- rated from an electrode by an air space or gap (there are 
many different devices to do this). The energy from a 
capacitor or other device is discharged through the elec- 
trode, resulting in an arch or spark jumping to the explo- 
sive. The explosive's sensitivity is a measure of the ener- 
gy dumped into the electrode. 


FRICTION TEST 

The friction test is used to determine an explosive’s 
sensitivity to friction, which is of considerable interest 
during manufacturing. One method of conducting this 
test is to use a pendulum and anvil. The explosive is 
spread out on the anvil, and a specially designed weight 
(shoe) attached to a pendulum arm is allowed to swing 
back and forth across the anvil. Sensitivity to friction is 
measured by the number of snaps, cracks, ignitions, or 
explosions resulting from the interaction of the pendu- 
Tum shoe and the explosive. 


GAP TEST 

‘The gap test is used to determine an explosive's sensi- 
tivity to shock or, as was related earlier, its sensitive- 
ness. Explosive sensitiveness is a measure of an explo- 
sive's ability to propagate detonation across a gap. One 
method of testing is a measure of the maximum distance 
(in inches) over which one half of a stick of dynamite will 
cause the other half to detonate. Another test is to sepa- 
rate two explosives by an inert material and initiate one 
explosive. The maximum thickness of the inert spacer is 
a measure of the explosive's sensitiveness. 
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ing. One series of tests is to 
humidity and record the effect 
tested. When extreme temperature 


y intent has been to presi 
concise a manner as possible 
duction to the complexities 


4 «ives. The purpose of this text is 
cate those who have a 
interest in working or expe: 
ing with explosives. It is my obs 


tion that there are many indivi 
== als who claim to be explosive 
perts, yet in truth they are only dangerous people. 
you want to do is see dirt fly and hear a load noise, 
so-called experts can probably get the job done 
careful around them. However, if you are someone 
truly wants to understand the properties of explo: 
then I hope you will use what you have learne 
text as an introduction to the world of expli 
Continue to study what true experts have to. 
make it a point to apply this knowledge in а safe 
Killing yourself because you failed to take the 
understand explosives and their proper ha 
stupid, but killing or harming someone else 
sives is unforgivable. 


CONCLUSION 


Don't be misled by the tech- 
nical title of this book — Explo- 
sive Principles is a readable, 
easy-to-understand primer on 
the nature of detonations, as 
well as a concise look at the 
basic but often o 


yoked tech- 


niques that professio 

maximize the ре I ce of 
primary and secondary explo 
sives to get an) о right 
A must for demolition person- 
nel, amateur “powder monkeys,” 


or anybody interested in things 
that go bang. 
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